Production of doctorates in mathematics education over the past three decades
There were 205 different institutions of higher education that graduated at least one doctorate in mathematics education between 1987 and 2016. The results of the SED survey for the 50 institutions producing the most doctoral graduates in mathematics education are shown in ten-year intervals in Tables 1, 2 , and 3. The total number of doctoral graduates in mathematics education during these ten-year periods grew from 734 (1987-1996) , 928 (1997-2006) , and 1428 (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . These numbers reflect dramatic increases over these periods. One reason for the increases is an effort to address the shortage of doctorates in mathematics education that was reported nearly 20 years ago [2 & 3] . Since many job opportunities exist for mathematics educators, institutions have tried to address this need. Additionally, from 2000 to 2003 the National Science Foundation funded several Centers for Learning and Teaching (CLT) that were designed to prepare more doctorates in mathematics (and science) education and that effort prompted an additional bump in the number of graduates.
The data show that the number of doctoral graduates in mathematics education, and the minimum number of doctoral graduates per institution, have increased during each of the ten-year periods. This overall growth of the This paper provides a status report on the production of doctorates in mathematics education at institutions across the country. It also reports on where faculty members in active doctoral programs in mathematics education received their doctorates, and it provides a peer-based identification of high quality doctoral programs in mathematics education.
This study uses data gathered from the Survey of Earned Doctorates (SED). The SED began gathering data in 1920 and added mathematics education as a discipline in 1962. The SED is conducted annually and gathers data from every institution in the USA that awards earned doctorates. While the SED has some limitations [1] it provides the most com- number of doctoral graduates in mathematics education was reported earlier in some detail [4] . In addition to the increasing number of graduates, an examination of Tables  1, 2 , and 3 shows a number of patterns. The Teachers College and the University of Georgia graduated by far the most doctorates in mathematics education during each time period. Georgia State University, Rutgers University, and the University of Texas were the only other institutions to be included in the top ten producers of doctoral graduates during each ten-year period. While there is some shuffling in the order of the largest producers during these three time periods, 32 institutions appear in each of the three tables, and these institutions are shown in bold in Table 1 . Most doctoral programs in mathematics education in institutions shown in Tables 1, 2 Tables 2 and 3 show that several institutions, such as Michigan State University and University of California-Berkeley more than doubled their production in PhDs in mathematics education. More than one-half the institutions in Table 2 showed a growth in the number of doctoral graduates compared to Table 3 . Two institutions, Arizona State University and Texas State University, appeared for the first time in Table 3 . Notably, these two programs, together with the joint program at SDSU/UCSD, did not appear among the top producers in the earlier period covered by Table 1 . Two institutions that appear in Table 1 and 2, the University of Chicago and American University, closed their doctoral programs and so do not appear in Table 3 . It is worth noting that the doctoral program in mathematics education at University of Chicago was over 100 years old. It was a highly respected program and was the second oldest doctoral program in mathematics education in the United States, second only to Teachers College, Columbia University [5] .
Where faculty producing future mathematics educators earned their doctorate
This is an important factor because the academic preparation of faculty members involved in doctoral programs impacts the curriculum of the program; it may influence the research experiences, as well as admission procedures, EDUCATION advisement, comprehensive exams, dissertations, and follow-up of doctoral graduates. Furthermore, institutions hiring new faculty may want to hire people with doctorates from certain institutions to strengthen their programs. They may be seeking new faculty members with certain kinds of knowledge or research expertise, or who have studied with specific people who are nationally recognized, or who have graduated from highly respected institutions. Information about where people earned their doctorate as well as the faculty who implemented the programs can be useful. To obtain these data, we developed and facilitated a survey.
Survey participants were faculty members in doctoral programs in mathematics education. The targeted institutions had graduated at least ten doctorates in mathematics education during the last 20 years and had produced at least one graduate in the last five years. These parameters generated a list of 64 different institutions. These 64 institutions have graduated 2249 doctorates in mathematics education during the 30-year period (1987-2016), or about 73% of all of the people receiving a doctorate in mathematics education during that time period. Consequently, these 64 institutions represent a major pipeline of producers of doctorates in mathematics education. A faculty member at each institution was contacted and asked to identify all of the faculty members (such as mathematics educators and mathematicians) that were actively involved in their doctoral program in mathematics education. Part-time adjunct appointments and retired faculty were not included. A list of 297 faculty members were identified, and 266 (almost 90%) responded to the survey. One of them did not hold an earned doctoral degree and nine of them earned a doctorate from an international institution. Therefore, data from 256 faculty members served as the basis for analysis. Surveyed faculty were asked to identify the institution where they earned their doctorate. Table 4 identifies the 21 institutions that produced the largest number of faculty members currently working in doctoral programs in mathematics education. Table 4 shows that 174 of the 256 faculty members surveyed (69%) earned their doctorate at one of these 21 institutions.
An examination of Table 4 shows that the University of Georgia is the institution graduating the most people currently serving as faculty in doctoral programs in mathematics education. Although Teachers College, Columbia University appears in Table 4 , given the large number of graduates Teachers College has produced, it is surprising that their graduates were not often found among the faculty of doctoral programs in these institutions.
Institutions recommended by faculty to potential doctoral students in mathematics education
Specific information about doctoral programs in mathematics education is helpful to potential doctoral students seeking a program. Recommendations from faculty can also be beneficial in shortening a list of possible institutions to consider. Each faculty member in the survey was presented this question:
Suppose you were asked by a potential doctoral student in mathematics education to identify "particularly strong doctoral programs" (regardless of location or areas of interest) to consider attending. Which institutions would you recommend?
Surveyed faculty were allowed to name up to 8 institutions, and told it was not necessary to order the institutions. They were also asked not to name the institution where they were currently employed. Some faculty members identified eight institutions, some only a couple.
More than 260 of the faculty members responded, but a few of them did not name any institution. In such cases, they said their recommendation of an institution would depend on the interest of the doctoral student and the specialty or niches found at specific institutions. One faculty member indicated he/she would not recommend an institution, but rather seek to match the research interest EDUCATION of the potential doctoral student with a particular scholar independent of an institution.
A total of 94 different institutions were recommended, including 6 institutions in other countries. No institution was recommended by every faculty member, but three institutions (University of Georgia, Michigan State University, and the University of Michigan) were named by more than one-half of the faculty members. A list of all the institutions recommended by more than ten faculty members is shown in Table 5 .
All of the institutions in Table 5 , except for the University of Washington and Virginia Tech, are among the programs graduating the most doctorates in mathematics education. Their appearances prompted us to examine their history of producing doctoral graduates. According to the SED data, the University of Washington had a total of three doctorates in mathematics education from 1987 to 2006, yet graduated eight from 2007-2016, so it just fell short of making Table 3 . Large growth was also shown by Virginia Tech, changing from 3 to 6 doctoral graduates in mathematics education during the same time periods.
About ten years ago, a list of 'particularly strong doctoral programs in mathematics education' was reported [6] . A comparison of that list with Table 5 shows that seven institutions appear in the top ten of each list, and the first three institutions are the same, except that the University of Georgia and Michigan State University have interchanged. Several institutions not included in the 2007 survey have surfaced in Table 5 , including Rutgers University, University of Arizona, University of Washington, and Virginia Tech.
There are some common traits of the institutions shown in Table 5 . They each have a core of established and nationally recognized mathematics education faculty members who are engaged in research and scholarly writing as well as active leadership in professional organizations. They have a critical mass of doctoral students and regularly graduate doctorates in mathematics education. Additionally, the faculty at most of these institutions have a record of success in gaining external funds that supports some of their doctoral students.
Summary
While the list of institutions producing the largest number of doctorates in mathematics education is constantly changing, over one-half of the largest producers during 1987-1996 continued to be among the largest producers in the past two decades. There was a significant growth (nearly 54%) in the number of new doctoral graduates in mathematics education from 2007-2016 over the previous ten years.
This paper identifies where the faculty members involved in major doctoral programs in mathematics education received their doctorate. This information is important because their experiences as doctoral students will likely shape the direction of future doctoral preparation.
Finally, since there is no accreditation of doctoral programs in mathematics education, it is helpful to potential doctoral students to learn of institutions with doctoral programs in mathematics education that faculty in other doctoral institutions recommend. This peer recognition of doctoral programs in mathematics education can be useful to potential doctoral students in establishing a list of institutions to consider.
